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using sinusoidal interpolation comprises: a charge
coupled device (CCD) image sensor for capturing inter-
ference fringes to generate a plurality of interference
fringe images; and an image analysis processor for ac-
cumulating the plurality of interference fringe images to
generate a white light interference fringe signal (WLI
fringe signal, 1[n]).
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Description
Technical Field

[0001] The present invention relates to a white light interferometry using a Sinusoidal Interpolation and a sinusoidal
interpolation method of the white light interferometry, more particularly, to a white light interferometry using a sinusoidal
interpolation and a sinusoidal interpolation method of the white light interferometry in which the white lightis irradiated to a
sample and a mirror, respectively, and then interference fringes generated by reflected measurement light and the
reflected light are interpolated through a sinusoidal interpolation.

Background Art

[0002] In recent fields of nanoscience, semiconductors, nanophysics, nanochemistry, nanomaterials, nanooptics,
surface science, medical imaging, biology, biophysics, medical physics, or biomedical optics, there is a growing demand
to measure three-dimensional shape information of samples with a three-dimensional nanostructures or micrometer
structures.

[0003] A white light interferometry that uses interference phenomenon of white light has been used to measure the
three-dimensional shape information of the sample.

[0004] A general white lightinterferometry uses a beam splitter that separates a white light source and generates a path
toward the sample and the mirror, respectively. The white light irradiated to the sample and the mirror, respectively by the
beam splitter is reflected and then recombined and transmitted to the CCD (charge-coupled device) image sensor, which
captures interference fringe images by the combined light reflected from the sample and the mirror, respectively. The
image analysis processor analyzes the interference fringe image captured by the CCD image sensor to generate 3D shape
information of the sample.

[0005] Atthistime,the sampleis placed onthe stage, and the stage is moved along the path axis (generally the Z-axis) of
the light source by a separate driving assembly to generate a path difference between the sample side and the mirror side.
The interference fringe image captured by the CCD image sensor forms different interference fringe images according to a
change in the path difference between the sample side and the mirror side, and the image analysis processor generates
three-dimensional shape information of the sample based on the interference fringes from which the different interference
fringe images are accumulated.

[0006] On the other hand, conventional white light interferometry has a problem in that the shape of the white light
interference fringe (WLI Fringe) is expressed unnaturally according to the physically limited minimum movable length of
the driving assembly that moves the stage to generate a path difference between the sample side and the mirror side, i.e.,
the Z Step Size.

[0007] The problem due to the unnatural shape of the white lightinterference fringe (WLI Fringe) according to this limited
Z Step Size has been solved by interpolating according to the Cubic Spline, but the Cubic Spline has a large amount of
calculation, while the accuracy is low.

Disclosure of Invention
Technical Problem

[0008] An object of the present invention for solving the above-described problem is to provide a white light inter-
ferometry using a sinusoidal interpolation, which can naturally express the shape of an interference fringe by interpolating
an interference fringe generated by measurement light and reflected light that are reflected after white light split by a beam
splitter is irradiated to a sample and a mirror, respectively, through sinusoidal interpolation, and a sinusoidal interpolation
method of the white light interferometry.

[0009] Another object of the present invention is to provide a white light interferometry using a sinusoidal interpolation
capable of providing a fast and accurate interpolation by using a mathematical condition of a sinusoidal wavelength, and
sinusoidal interpolation method of the white light interferometry.

Solution to Problem

[0010] In order to achieve the above-described object, a white light interferometry using a sinusoidal interpolation
according to an embodiment of the present invention includes a light source providing white light, a stage on which a
sample is placed, a stage moving assembly for moving the stage in a path axis direction of the white light, a mirror having a
reflective surface, a beam splitter for dividing a path of the white light provided from the light source into the sample side and
the mirror side, and a CCD (Charge Coupled Device) image sensor generating a plurality of interference fringe images by
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receiving measurement light reflected from the sample and reflected light reflected from the mirror from the beam splitter
and capturing the interference fringes generated by the measurement light and reflected light while the stage is moved in
the path axis direction by the stage movement assembly, and an image analysis processor for accumulating the plurality of
interference fringe images to generate a white light interference fringe signal (WLI Fringe signal, I[n]), wherein the image
analysis processor generates an interpolated white light interference fringe signal I[n]’ by interpolating the generated white
light interference fringe signal I[n] through sinusoidal interpolation.

[0011] Theimage analysis processor generates an amplitude graph (Envelope, A[n]) and aphase graph (Phase, 6[n]) by
dividing the white light interference fringe signal I[n] into components according to amplitude and phase, respectively,
when interpolating the white light interference fringe signal I[n] using a sinusoidal interpolation, and generates an
interpolated amplitude graph A[n] and an interpolated phase graph 6[n] by interpolating the amplitude graph A[n]
and the phase graph 6[n], respectively through the sinusoidal interpolation, and generates the interpolated white light
interference fringe signal I[n]’ based on the interpolated amplitude graph A[n]’ and the interpolated phase graph 6[n]".
[0012] In generating the amplitude graph and the phase graph by dividing the white light interference fringe signal into
components according to amplitude and phase, respectively, the image analysis processor generates the amplitude graph
(Envelope) by extracting components A[n] according to amplitude from the white light interference fringe signal I[n], and
the phase graph (Phase) by extracting components 6[n] according to phase from the white light interference fringe signal |
[n] based on the following Equation 1.

A[n] (Envelope) = (C[n]2 + S[n]Z)l/Z
O[n](Phase) = Atan(s[n], ¢[n])
<Equation 1>

(wherein the A[n] is the Amplitude on Pixel of WLI Fringe of the white light interference fringe signal, and the 6[n] is the
Phase on Pixel of WLI Fringe of the white light interference fringe signal, and the c[n] is the Cosine Component of WLI
Fringe of the white light interference fringe signal calculated by c[n] = A[n] X cos(6[n]), and the s[n] is the Sine Component
of WLI Fringe of the white light interference fringe signal calculated by s[n] = A[n] X sin(6[n]).

[0013] In generating the interpolated amplitude graph A[n]’ and the interpolated phase graph 6[n] by interpolating the
amplitude graph A[n] and the phase graph 6[n] respectively through the sinusoidal interpolation, the image analysis
processor calculates the interpolation values (A[n+0.5], 6[n+0.5]) between the first measurement values (A[n], 6[n]) and
the second measurement values (A[n+1], 8[n+1]) of the amplitude graph A[n] and the phase graph O[n] respectively, based
on the following Equation 2.

Aln+0.5] =0.5*(A[n] + A[n + 1])
O[n +0.5] = 0.5*(0[n] + O[n + 1])
<Equation 2>

(wherein the A[n]is the Amplitude on Pixel of WLI Fringe of the white light interference fringe signal, and 6[n]is the Phase on
Pixel of WLI Fringe of a white light interference fringe signal.)

[0014] Ingeneratingthe interpolated white light interference fringe signal I[n] based on the interpolated amplitude graph
A[n]’ and the interpolated phase graph 6[n]’, the image analysis processor calculates the interpolated white light
interference fringe signal I[n] based on the each measurement values (A[n], 6[n]) of the amplitude graph A[n] and the
phase graph 6[n] and each interpolation values (A[n+0.5], 6[n+0.5]) of the interpolated amplitude graph A[n]’ and the
interpolated phase graph 8[n]’ based on the following Equation 3.

I[n] = A[n] % cos(O[n])

<Equation 3>
(wherein the A[n] is the Amplitude on Pixel of WLI Fringe of a white light interference fringe signal, and the 6[n] is the Phase
on Pixel of WLI Fringe of a white light interference fringe signal.)

[0015] In order to achieve the above-described object, a white light interferometry using a sinusoidal interpolation
according to an embodiment of the present invention is the white light interferometry using a sinusoidal interpolation in



10

15

20

25

30

35

40

45

50

55

EP 4 741 758 A1

which the white light is irradiated to a sample and a mirror, respectively, and then obtained a shape of the sample by
analyzing interference fringes generated by reflected measurement light and the reflected light, wherein the white light
interferometry comprises a CCD (Charge Coupled Device) image sensor for generating a plurality of interference fringe
images by capturing the interference fringe, and an image analysis processor for generating a white light interference
fringe signal (WLI Fringe signal, I[n]) by accumulating the plurality of interference fringe images, wherein the image
analysis processor generates an interpolated white lightinterference fringe signal I[n]’ by interpolating the generated white
light interference fringe signal I[n] through the sinusoidal interpolation.

[0016] Ininterpolating the white light interference fringe signal I[n] using a sinusoidal interpolation, the image analysis
processor generates an amplitude graph (Envelope, A[n]) and a phase graph (Phase, 6[n]) based on the white light
interference fringe signal I[n], and generates an interpolated amplitude graph A[n] and an interpolated phase graph 6[n]’
by interpolating the amplitude graph A[n] and the phase graph 6[n] respectively using the sinusoidal interpolation, and
generates the interpolated white light interference fringe I[n]’ based on the interpolated amplitude graph A[n] and the
interpolated phase graph I[n]'.

[0017] Theimage analysis processor, when generating the amplitude graph A[n] and the phase graph 6[n] based on the
white light interference fringe signal I[n], extracts components of amplitude and phase from the white light interference
fringe signal I[n], respectively, to generate an amplitude graph A[n] and a phase graph 0[n] in linear.

[0018] The linear amplitude graph A[n] is an envelope in contact with all the peak points of the white light interference
fringe signal I[n] among the envelopes of the white light interference fringe signal I[n].

[0019] Theimage analysis processor, when interpolating the amplitude graph A[n] and the phase graph 6[n] respectively
using the sinusoidal interpolation, calculates interpolation values (A[n+0.5], 6[n+0.5]) between the first measurement
values (A[n], 6[n]) and the second measurement values (A[n+1], 6[n+1]) of the amplitude graph A[n] and the phase graph 6
[n], and wherein the interpolation values (A[n+0.5], 6[n+0.5]) is average value of the first measurement values (A[n], 6[n])
and the second measurement values (A[n+1], 6[n+1]).

[0020] Theimage analysis processor, when generating the interpolated white light interference fringe signal I[n] based
on the interpolated amplitude graph A[n]’ and the interpolated phase graph 6[n]’, generates the interpolated white light
interference fringe signal I[n]’ based on the measured value (A[n], 6[n]) of each the amplitude graph A[n] and the phase
graph 6[n], and the each interpolation values (A[n+0.5], 6[n+0.5]) of the interpolated amplitude graph A[n]' and the
interpolated phase graph 6[n]’.

[0021] The measured value (A[n], 6[n]) of each the amplitude graph A[n] and the phase graph 6[n], and the measured
values (A[n]’, 6[n]') of each the interpolated amplitude graph A[n] and the interpolated phase graph 6[n]’ have the same
value each other.

[0022] Theimage analysis processor, when generating the interpolated white light interference fringe signal I[n] based
on the interpolated amplitude graph A[n]’ and the interpolated phase graph 6[n]’, determines the intensity value of the
interpolated white light interference fringe signal I[n]’ based on each the measured values (A[n], 6[n]) of interpolated
amplitude graph A[n]’ and the interpolated phase graph 6[n]’ or the interpolation values (A[n+0.5], 6[n+0.5]), when the
measured value A[n] of the interpolated amplitude graph A[n]’ is maximum and the phase of the interpolated phase graph 6
[n] is 0° and the measured value 6[n] or the interpolation value (6[n+0.5]) of the interpolated phase graph is greater than
-90° to less than 90°, the intensity values of the interpolated white light interference fringe signal I[n]’ have a positive (+)
value corresponding to the measured value A[n] or the interpolation value (A[n+0.5]) of the interpolated amplitude graph A
[n], if the measured value 0[n] or the interpolation value (6[n+0.5]) of the interpolated phase graph is greater than 90° to
less than 270°, the intensity values of the interpolated white light interference fringe signal I[n]’ have a negative (-) value
corresponding to the measured value A[n] or the interpolation value (A[n+0.5]) of the interpolated amplitude graph A[n7’,
and if the measured value 6[n] or the interpolation value (6[n+0.5]) of the interpolated phase graph is at-90°, 90° or 270°,
the intensity values of the interpolated white light interference fringe signal I[n]’ has a value of 0.

[0023] In order to achieve the above-described object, a sinusoidal interpolation method of a white light interferometry
according to an embodiment of the present invention is a method of sinusoidal interpolation of a white light interferometry,
in which an image analysis processor interpolates a white light interference pattern signal I[n] through a sinusoidal
interpolation, thereby generating an interpolated white light interference pattern signal I[n]’, wherein the method of
sinusoidal interpolation of the white light interferometry comprise generating an amplitude graph (Envelope, A[n]) and a
phase graph (Phase, 6[n]) based on the white light interference fringe signal I[n] by image analysis processor, generating
an interpolated amplitude graph A[n] and an interpolated phase graph 6[n] by interpolating the amplitude graph A[n] and
the phase graph O[n] respectively through the sinusoidal interpolation by the image analysis processor, and generating the
interpolated white light interference fringe signal I[n]’ based on the interpolated amplitude graph A[n]’ and the interpolated
phase graph 0[n] by the image analysis processor.

[0024] The generating an amplitude graph (Envelope, A[n]) and a phase graph (Phase, 6[n]) based on the white light
interference fringe signal I[n] by the image analysis processor comprise generating a linear phase graph 6[n] and the
amplitude graph A[n], by extracting a component depending on the Amplitude and Phase of the white light interference
fringe signal I[n], respectively, by the image analysis processor generating.
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[0025] The generating alinear phase graph 6[n] and the amplitude graph A[n], by extracting a component depending on
the Amplitude and Phase of the white light interference fringe signal I[n], respectively, by the image analysis processor
comprise generating the amplitude graph (Envelope) by extracting component A[n] depending on the amplitude of the
white light interference fringe signal I[n] and generating phase graph (Phase) by extracting component 0[n] depending on
the phase ofthe white lightinterference fringe signal I[n] the white lightinterference fringe signal I[n], based on the Equation
1 below by the image analysis processor.

A[n] (Envelope) = (c[n]? + s[n]?)!"?
O[n](Phase) = Atan(s[n], c[n]).
<Equation 1>

(wherein A[n] is the Amplitude on Pixel of WLI Fringe, and 6[n] is the Phase on Pixel of WLI Fringe, and c[n] is the Cosine
Component of the WLI Fringe calculated by c[n] = A[n] X cos(6[n], and the s[n] is the Sine Component of WLI Fringe
calculated by s[n] = A[n] X sin(B[n]).

[0026] The generating an interpolated amplitude graph A[n] and an interpolated phase graph 6[n]’ by interpolating the
amplitude graph A[n] and the phase graph 6[n] respectively through the sinusoidal interpolation by the image analysis
processor comprise calculating interpolation values (A[n+0.5], 6[n+0.5]) between first measured values (A[n], 6[n]) and
second measured values (A[n+1], 6[n+1]) of each of the amplitude graph A[n] and the phase graph 6[n] by the image
analysis processor, the interpolation values (A[n+0.5], 6[n+0.5]) are average values of the first measurement values (A[n],
0[n]) and the second measurement values (A[n+1], 6[n+1]).

[0027] The calculating interpolation values (A[n+0.5], 6[n+0.5]) between first measured values (A[n], 6[n]) and second
measured values (A[n+1], 6[n]) of each of the amplitude graph A[n] and the phase graph 6[n] by the image analysis
processor comprise calculating interpolation values (A[n+0.5], 6[n+0.5]) between first measured values (A[n], 6[n]) and
second measured values (A[n+1], 6[n+1]) of each of the amplitude graph A[n] and the phase graph 6[n] based in Equation 2
below by the image analysis processor.

Aln +0.5] =0.5*%(A[n] +A[n + 1])
0[n+0.5] = 0.5*(0[n] + O[n+1]).
<Equation 2>

(wherein A[n] is the Amplitude on Pixel of WLI Fringe, and 6[n] is the Phase on Pixel of WLI Fringe.)

[0028] The generating an interpolated white light interference fringe signal I[n] based on the interpolated amplitude
graph A[n] and the interpolated phase graph 6[n]’ by the image analysis processor comprise generating the interpolated
white lightinterference fringe signal I[n] based on the measured values (A[n], 6[n]) of each of the amplitude graph A[n] and
the phase graph 6[n], and the interpolation values (A[n+0.5], 6[n+0.5]) of each of the interpolated amplitude graph A[n] and
the interpolated phase graph 0[n]’ by the image analysis processor.

[0029] The generating the interpolated white light interference fringe signal I[n] based on the measured values (A[n], 6
[n]) of each of the amplitude graph A[n] and the phase graph 6[n], and the interpolation values (A[n+0.5], 6[n+0.5]) of each
of the interpolated amplitude graph A[n]’ and the interpolated phase graph 6[n]’ by the image analysis processor comprise,
generating the interpolated white light interference pattern signal I[n]’ based on the measured values (A[n], 6[n]) of each of
the amplitude graph A[n] and the phase graph 6[n], and the interpolation values (A[n+0.5], 6[n+0.5]) of each the
interpolated amplitude graph A[n]’ and the interpolated phase graphs 06[n] based on Equation 3 below by the image
analysis processor.

I[n] = A[n] = cos(0[n])
<Equation 3>

(wherein A[n] is the Amplitude on Pixel of WLI Fringe, and 6[n] is the Phase on Pixel of WLI Fringe.)
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Advantageous Effects of Invention

[0030] According to the present invention, a white light interferometry using a sinusoidal interpolation and a sinusoidal
interpolation method for the white light interferometry, the interference fringe acquired from a CCD image sensor can be
interpolated through the sinusoidal interpolation to naturally express the shape of the interference fringe.

[0031] According to the presentinvention, a white light interferometry using a sinusoidal interpolation and a sinusoidal
interpolation for the white light interferometry, the interference fringe acquired from a CCD image sensor can be quickly
and accurately interpolated by using the mathematical conditions of the sinusoid wavelength.

[0032] According to the presentinvention, a white light interferometry using a sinusoidal interpolation and a sinusoidal
interpolation method for the white light interferometry, the sinusoidal interpolation is advantageously optimized numeri-
cally and accelerated by a GPU or the like.

Brief Description of Drawings
[0033]

FIG. 1is aschematicdiagramillustrating an embodiment of a white light interferometry using a sinusoidal interpolation
according to the present invention.

FIG. 2is adiagramillustrating a process for interpolating a white light interference fringe signal generated by animage
analysis processor according to the present invention.

FIG. 3is adiagramillustrating a process in which a white lightinterference fringe signal of the same sample according
to a change in phase and a white light interference fringe signal thereof are interpolated.

FIG. 4 is a diagram illustrating a state in which a white light interference pattern signal through a sinusoidal
interpolation to generate an interpolated white light interference pattern signal interpolated by the image analysis
processor according to the present invention.

FIG. 5is adiagram schematically illustrating a sinusoidal interpolation of animage analysis processor according to the
present invention.

FIGS. 6 to 8 are flowcharts of a method of sinusoidal interpolation of a white light interferometry according to the
present invention.

Best Mode for Carrying out the Invention

[0034] Hereinafter, some embodiments of the present invention will be described in detail with reference to exemplary
drawings. In assigning reference numbers to the components of each drawing, it should be noted that the same
components are made to have the same sign as much as possible, even if they are displayed on different drawings.
[0035] Further, in describing the embodiment of the present invention, a detailed description of known constructions or
functions is omitted if it is determined that the detailed description of known constructions or functions hinders under-
standing of the embodiment of the present invention.

[0036] In addition, in describing the components of the embodiments of the present invention, terms such as first,
second, A, B, (a), (b), and the like may be used. These terms are used only to distinguish a component from other
components, and the nature, sequence, or order of the component is not limited by the terms.

[0037] In the present specification, the singular type also includes the plural type unless otherwise specified in the
phrase. The "includes" and/or "including" used in the specification does not exclude the presence or addition of one or
more other components other than the mentioned components.

[0038] Hereinafter, the presentinvention will be described in more detail with reference to the accompanying drawings.
[0039] FIG. 1is a schematic diagram illustrating an embodiment of a white light interferometry 100 using a sinusoidal
interpolation according to the present invention.

[0040] A white light interferometry 100 using a sinusoidal interpolation according to the present invention (hereinafter,
referred to as 'white light interferometry 100’) includes a light source 10, a beam splitter 20, a mirror 30, a stage 40, a stage
moving assembly 50, a CCD image sensor 60, and an image analysis processor 70, with reference to FIG. 1.

[0041] The lightsource 10 generates white light. The light source 10 provides white light to the beam splitter 20, and the
beam splitter 20 splits the white light provided from the light source 10 and provides it to the sample 41 and the mirror 30.
[0042] The sample 41 is placed on the upper surface of the stage 40. The sample 41 is a measurement object to be
measured for surface information. The sample 41 may be a nanostructure such as a semiconductor device.

[0043] The stage moving assembly 50 moves the stage 40 toward or away from the beam splitter 20. That is, the stage
moving assembly 50 moves the stage 40 along the path axis (Z-axis) of white light provided from the beam splitter 20 to the
stage 40. The stage moving assembly 50 may move the stage 40 along the path axis (Z-axis) along the path axis (Z-axis) of
white lightbased on a minute z step size (forexample, 68.75 nm which is A/8). As the stage 40 is moved by the stage moving
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assembly 50, a minute path difference occurs between the measurement light and the reflected light transmitted to the
CCD image sensor 60.

[0044] The mirror 30 has a reflective surface on one surface facing the beam splitter 20.

[0045] The beam splitter 20 divides the path of white light provided from the light source into a sample 41 side and a
mirror 30 side. The beam splitter 20 provides a part of the white light provided from the light source 10 toward the stage 40
and provides the rest of the white light to the mirror 30.

[0046] The beam splitter 20 changes the path of the white light so that some of the white light provided from the light
source 10 is transmitted to the stage 40 side and the sample 41 side. The white light transmitted to the sample 41 side is
reflected to the beam splitter 20 as measurement light and is transmitted to the CCD image sensor 60 past the beam splitter
20.

[0047] The beam splitter 20 provides the mirror 30 with the rest of the white light provided from the light source 10. The
white light provided to the mirror 30 is reflected and transmitted back to the beam splitter 20. The beam splitter 20 changes
the path of the reflected light so that the reflected light reflected from the mirror 30 is transmitted to the CCD image sensor
60.

[0048] The beam splitter 20 divides white light into a sample 41 side and a reflective surface side of the mirror 30. The
measurement light reflected from the sample 41 and the reflected light reflected from the mirror 30 are transmitted to the
CCD image sensor 60 by the beam splitter 20. The measurement light reflected from the sample 41 and the reflected light
reflected from the mirror 30 generate interference fringe due to a minute path difference change.

[0049] Centered around the beam splitter 20, separate lenses (not shown) may be furtherincluded on the light source 10
side, the sample 41 side, the mirror 30 side, and the CCD image sensor 60 side to focus white light, measurement light, and
reflected light, respectively.

[0050] A CCD image sensor (60, Charge Coupled Device image sensor) receives measurement light reflected from the
sample 41 and reflected light reflected from the mirror 30 from the beam splitter 20. A CCD image sensor 60 captures
interference fringes of pixels generated by measurement light and reflected light at preset time intervals while a stage 40 is
moved stepwise in the Z-axis direction according to a predetermined z step size by a stage moving assembly 50. The CCD
image sensor 60 captures interference fringes at preset time intervals to generate a plurality of interference fringe images.
Here, the pixel means a unit pixel included in the XY plane of the interference fringe image. The CCD image sensor 60
transmits the plurality of interference fringe images captured at preset time intervals to the image analysis processor 70.
[0051] Theimage analysis processor 70 accumulates the plurality of interference fringe images received from the CCD
image sensor 60 to generate a white light interference fringe signal (WLI fringe signal, I[n]) as shown in (a) of FIG. 2.
[0052] FIG. 2is adiagram illustrating a process for interpolating the white light interference fringe signal generated by
the image analysis processor 70 according to the present invention. Specifically, (a) of FIG. 2 is a view illustrating a graph
according to the white light interference pattern signal generated by the image analysis processor 70, (b) of FIG. 2 is a view
illustrating a graph enlarging a main portion of the graph according to the white light interference pattern signal shownin (a)
of FIG. 2, and (c) of FIG. 2 is a view illustrating a graph enlarging a main portion of the graph according to the interpolated
white light interference pattern signal.

[0053] FIG. 3is adiagramiillustrating a process in which a white light interference fringe signal of the same sample 41
according to a phase change and a white light interference fringe signal thereof are interpolated.

[0054] The white light interferometry 100 according to the present invention includes all known white light interferom-
eters in which white lightis split by a beam splitter 20 and irradiated with a sample 41 and a mirror 30, respectively, and then
interference patterns generated by reflected, measured light, and the reflected light are analyzed to acquire the shape of
the sample 41. At this time, the white light interferometry 100 comprises, as is known, a CCD image sensor 60 which
captures an interference fringe to produce a plurality of interference fringe images, and an image analysis processor 70
which analyzes the generated white light interference fringe signal to produce surface information of a sample 41.
[0055] The white light interference fringe signal means that when the stage 40 moves in the Z-axis direction stepwise
according to a predetermined z step size, each of the intensities (or intensity) of a plurality of interference fringe pixels
captured at each preset time interval is an x-axis coordinate, the position of the sample 41 changed according to the
movement of the stage 40 is a y-axis coordinate, and the intensities of each pixel are accumulated and displayed in a
graph.

[0056] The white lightinterference pattern signal generated by the image analysis processor 70 is as shownin (a) of FIG.
2. The center of the white lightinterference fringe signal includes a main portion (a) in which the intensity of the interference
fringe changes rapidly, and an enlarged appearance of the main portion (a) is illustrated in (b) of FIG. 2.

[0057] Referringto (b)ofFIG. 2, the white light interference fringe signal has a problem in that the shape of the white light
interference fringe signal is expressed unnaturally as the z step size of the stage moving assembly 50 that moves the stage
40in the z-axis direction during interference fringe capturing every preset time, that is, the movable length of the stage 40 in
the z-axis direction is physically limited (for example, 68.75 nm which is A/8). In this way, the limited movable distance of the
stage 40, due to physical limitations, imposes constraints on the representation, analysis, and interpretation of the white-
light interference pattern.
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[0058] Forexample, referring to FIG. 3, the raw white light interference pattern signal generated by capturing a sample
41 is expressed differently depending on the position of the stage 40, that is, the phase change of the measurement light,
even when the same sample 41. This occurs because a slight change in height within the z step size (e.g., 68.75 nm) of the
stage 40 cannot be accurately expressed through the current white lightinterferometry 100. However, as the raw white light
interference pattern signal is interpolated several times (two times, four times, eight times, etc.), it can be seen that the
shape of each interpolated white light interference pattern signal changes gradually in the same way.

[0059] Conventionally, as mentioned above, the unnatural shape of a white light interference pattern (WLI fringe) due to
such a limited Z Step size was solved by interpolating according to the spline interpolation (Cubic Spline), but the spline
interpolation had a large amount of calculation, and thus had limitations in the speed of generating and analyzing the white
light interference pattern.

[0060] In addition, polynomial interpolation is also limited in applying to white light interference fringe signals having a
sinusoidal wave. For example, in the case of polynomial interpolation, since the coefficient for each order is required, the
number of Data Points required for Fitting is Fitting Order + 1, and if Sin and Cos Wave are sampled at 90° intervals, a 3rd or
4th-order polynomial approximation is required for accuracy, but since there are only three points within the interval,
applying a 3rd or 4th-order polynomial approximation is difficult.

[0061] Onthe other hand, the Sinusoidal interpolation according to the presentinvention enables accurate Sin and Cos
Fitting by interpolating at least two points required for interpolation as well as an intermediate point between the Slowly
Varying Profile Points. The sinusoidal interpolation according to the present invention is characterized in that interpolation
can be applied while surely meeting the Sin and Cos Wave conditions.

[0062] The image analysis processor 70 according to the present invention interpolates the white light interference
fringe signal I[n] illustrated in (a) and (b) of FIG. 2 through the sinusoidal interpolation to generate the interpolated white
lightinterference fringe signal I[n]’. The image analysis processor 70 may analyze the interpolated white light interference
pattern signal I[n] to calculate surface information of the sample 41.

[0063] FIG.4isadiagramillustrating a state in which animage analysis processor 70 according to the presentinvention
interpolates a white light interference pattern signal through a sinusoidal interpolation to generate an interpolated white
light interference pattern signal. Specifically, (a) of FIG. 4 is a diagram illustrating a raw white light interference pattern
signal graph generated by the image analysis processor 70, (b) of FIG. 4 is a diagram illustrating an amplitude graph and a
phase graph respectively generated by the image analysis processor 70 by dividing into components according to
amplitude and phase in the raw white light interference pattern signal, (c) of FIG. 4 is a diagramiillustrating the interpolated
amplitude graph and phase graph respectively generated by the image analysis processor 70, and (d) of FIG. 4 is a
diagram illustrating a white light interference pattern signal graph interpolated through the sinusoidal interpolation by
synthesizing the interpolated amplitude graph and phase graph. (a) to (d) of FIG. 4 schematically illustrate only the main
portion of the white light interference fringe signal as shown in FIG. 2.

[0064] The image analysis processor 70 according to the present invention interpolates the white light interference
fringe signal I[n] using a sinusoidal interpolation. The image analysis processor 70 calculates a value between two
measured values of the white light interference fringe signal I[n] when the white light interference fringe signal I[n] is
interpolated using a sinusoidal interpolation, and applies the calculated value to generate an interpolated white light
interference fringe signal I[n]". That s, the image analysis processor 70 calculates the median (Mid-point) of two measured
values in the white light interference fringe signal I[n], and applies the result to interpolate the white lightinterference fringe
signal.

[0065] The image analysis processor 70 according to the present invention calculates a median value between two
measured values to interpolate a white light interference fringe signal I[n], thereby increasing resolution to an index value of
2 (for example, x2, x4 and x8). Ifinterpolation is performed at x8, the z step size is effectively reduced from 68.75 nm to 8.6
nm.

[0066] Hereinafter, the interpolation of the white light interference fringe signal I[n] of the image analysis processor 70
will be described in detail with reference to FIG. 4.

[0067] Ininterpolating the white lightinterference fringe signal I[n] by using a sinusoidal interpolation, the image analysis
processor 70 according to the present invention, divided initially generated white light interference fringe signal I[n] as
shownin (a) of FIG. 4 into components according to the amplitude and phase, respectively, to generate an amplitude signal
graph (Envelope, A[n]) and a phase signal graph (Phase, 6[n]) as shown in (b) of FIG. 4, interpolated an amplitude signal
graph A[n] and a phase signal graph 6[n] using a sinusoidal interpolation to calculate a median value, and applied the
calculated value to generate the interpolated amplitude signal graph A[n]' and the interpolated phase signal graph 6[n] in
(c) of FIG. 4, and generated the interpolated white light interference fringe signal I[n]’ interpolated based on the amplitude
signal graph A[n] and the interpolated phase signal graph 6[n] as shownin (d) of FIG. 4, thereby complete the interpolation
of the white light interference fringe signal I[n] using sinusoidal interpolation.

[0068] Since a raw white light interference fringe signal I[n], or a cosine component, a sine component, etc., have the
variation amount per z step of the interference fringe with a fast variation similar to the maximum (Max) value, itis difficult to
calculate the correction value immediately at a sinusoidal wave such as a raw white light interference fringe signal I[n].
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[0069] However, since the amplitude signal graphs (Envelope, A[n]) or phase signal graphs (Phase, 6[n]) extracted from
the raw white light interference fringe signal I[n] have slow variation in linear, each graph (An[n], 6[n]) can be easily
interpolated by applying linear interpolation to each of the linear amplitude signal graphs (Envelope, A[n]) or linear phase
signal graphs (Phase, 6[n]). In addition, according to the linear interpolation method, it is possible to convert the
interpolated results (A[n]’, 6[n]’) back into a white light interference fringe signal at a sinusoidal wave, to generate an
interpolated white light interference fringe signal I[n]'.

[0070] The image analysis processor 70 according to the present invention generates an amplitude signal graph A[n]
and a phase signal graph 0[n] by dividing the raw white light interference fringe signal I[n] into components according to
amplitude and phase, respectively, as shown in (b) of FIG. 4. The image analysis processor 70, when generating an
amplitude signal graph A[n] and a phase signal graph 6[n] based on the white light interference fringe signal I[n], extracts
components according to amplitude and phase from the raw white light interference fringe signal I[n], respectively, to
generate an amplitude graph A[n] and a phase graph 6[n] in linear.

[0071] Atthis time, the linear amplitude signal graph A[n] may be an envelope in contact with both the amplitude of the
maximum value for each rising and falling section of the white light interference fringe signal I[n]. That is, at this time, the
linear amplitude signal graph A[n] may be an envelope in contact with all the peak points of the white light interference
fringe signal I[n] among envelopes of the white light interference fringe signal I[n].

[0072] Asanembodiment, theimage analysis processor 70 according to the present invention, divides a raw white light
interference fringe signal I[n] into components according to amplitude and phase, respectively, to generate an amplitude
signal graph A[n] and a phase signal graph 6[n], wherein components A[n] according to amplitude are extracted to
generate an amplitude signal graph (Envelope), and components 6[n] according to phases are extracted to generate the
phase signal graph (Phase) from a white light interference fringe signal I[n] based on Equation 1 below.

A[n] (Envelope) = (c[n]* + s[n]*)!"?
0[n](Phase) = Atan(s[n], ¢[n]).
<Equation 1>

[0073] Here, Aln]is the amplitude on pixel of WLI Fringe of the raw white light interference fringe signal, 6[n] is the phase
on pixel of WLI Fringe of the raw white light interference fringe signal, and c[n] is the cosine component of WLI Fringe of the
white light interference fringe signal, which is calculated as c[n] = A[n] X cos(6[n]), and s[n] is the sine component of the
white light interference fringe signal which is calculated as s[n] = A[n] X sin(6[n]).

[0074] Equation 1 means the calculation of the Slowly Varying component of WLI Fringe I[n]. Here, A[n] (Envelope) = (c
[n]2 + s[n]2)12 is using the Sqrt function, and 6[n] (Phase) = Atan (s[n], c[n]) is using the Atan function.

[0075] Theimage analysis processor 70 according to the presentinvention calculates the median value of the amplitude
signal graph A[n] and the phase signal graph 6[n] and applies the calculated value to generate the interpolated amplitude
signal graph A[n]’ and the interpolated phase signal graph 6[n]’ by interpolating, respectively as shown in (c) of FIG. 4.
[0076] Ininterpolating the amplitude signal graph A[n] and the phase signal graph 6[n] using a sinusoidal interpolation,
the image analysis processor 70 calculates interpolation values (A[n+0.5], 6[n+0.5]) as the average value between the first
measurement value (A[n], 6[n]) and the second measurement value (A[n+1], 6[n+1]) of the amplitude signal graph A[n] and
the phase signal graph 6[n], respectively, wherein the interpolation values (A[n+0.5], 6[n+0.5]) may be the average values
of the first measurement value (A[n], 6[n]) and the second measurement value (A[n+1], 8[n+1]).

[0077] When interpolating using the sinusoidal interpolation on the amplitude signal graph A[n], the image analysis
processor 70 may put on center maximum value among the measured values of the amplitude signal graph A[n] and
calculate an interpolation value which is a median value between the maximum value and the most adjacent measured
value. For example, when the first measured value of the amplitude signal graph is A[1], the second measured value may
be A[2], where the interpolation value may be A[1.5]. A[1.5] is calculated to have an average value of A[1] and A[2] values.
Theimage analysis processor 70 calculates a median value A[n+0.5] of a plurality of measured values A[n] and A[n+1] and
applies the calculated values to the amplitude signal graph A[n] to generate an interpolated amplitude signal graph A[n]
having the interpolation value.

[0078] Similarly, when interpolating using the sinusoidal interpolation on the phase signal graph 6[n], the image analysis
processor 70 may calculate an interpolation value, which is a median value between a certain measurement value and the
most adjacent measured value on the phase signal graph 6[n]. For example, when the first measured value of the phase
signal graph is 6[1], the second measured value may be 6[2], where the interpolation value may be 0[1.5]. 8[1.5] is
calculated to have an average value of 0[1] and 6[2] values. The image analysis processor 70 calculates 6[n+0.5] whichis a
median value of a plurality of measured values 6[n] and 6[n+1] and applies the calculated values to the phase signal graph 6
[n] to generate an interpolated phase signal graph 6[n] having an interpolation value.
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[0079] As an embodiment, when generating an interpolated amplitude signal graph A[n]’ and an interpolated phase
signal graph 6[n] by interpolating the amplitude signal graph A[n] and the phase signal graph 6[n] respectively using the
sinusoidal interpolation, the image analysis processor 70 calculates the interpolation values (A[n+0.5], 8[n+0.5]) between
the first measured values (A[n], 6[n]) and the second measured values (A[n+1], 6[n+1]) of the amplitude signal graph A[n]
and the phase signal graph 6[n], respectively, based on Equation 2 below.

Aln+0.5]=0.5*(A[n] + A[n+ 1])
O[n +0.5] = 0.5*(0[n] + O[n + 1]).
<Equation 2>

[0080] Here, A[n]is the amplitude of the pixel of the white light interference fringe signal, and 6[n] means the phase on
pixel of the pixel of the white light interference fringe signal.

[0081] Equation 2 is an equation for linear interpolation onto binary up-sampling of A[n] and 6[n] and is an equation for
calculating correction values corresponding to Subindex (n + 0.5).

[0082] The image analysis processor 70 according to the present invention, generates an interpolated white light
interference fringe signal I[n]’ based on the interpolated amplitude signal graph A[n] and the interpolated phase signal
graph 6[n]’ to complete the interpolation using the sinusoidal interpolation of the white light interference fringe signal I[n].
[0083] Ingenerating aninterpolated white light interference fringe signal I[n]’ based on the interpolated amplitude signal
graph A[n]’ and the interpolated phase signal graph 6[n]’, the image analysis processor 70 generates an interpolated white
light interference fringe signal I[n]’ based on the measured values (A[n], 6[n]) of each the amplitude signal graph A[n] and
the phase signal graph 6[n], and based on the interpolation values (A[n+0.5], 6[n+0.5]) of each the interpolated amplitude
signal graph A[n]’ and the interpolated phase signal graph 6[n]'.

[0084] Thatis, the measured values (A[n], 6[n]) of each the amplitude signal graph A[n] and the phase signal graph 6[n]
and the measured values (A[n’], 6[n]’) of each the interpolated amplitude signal graph A[n]’ and the interpolated phase
signal graph 6[n]" have the same value. For example, referring to the amplitude signal graph A[n] and the interpolated
amplitude signal graph A[n]’ of (b) and (c) of FIG. 4 together, points located at the same coordinates on each the graphs (A
[n], A[n]') refer to the same measured value in each the amplitude signal graph A[n] and the interpolated amplitude signal
graph A[n]'. On the other hand, although not expressed in the amplitude signal graph A[n], points newly iindicated in the
interpolated amplitude signal graph A[n]’ refer to interpolation values newly calculated in the interpolated amplitude signal
graph A[n].

[0085] Similarly, inthe phase signal graph 6[n] of (b) of FIG. 4 and the interpolated phase signal graph 6[n] of (c) of FIG. 4,
points located at the same coordinates has the same measurement value, and points newly indicated in the interpolated
phase signal graph 06[n] of (c) of FIG. 4 refer to interpolation values newly calculated in the interpolated phase signal graph
o[n].

[0086] The image analysis processor 70 determines, when generating an interpolated white light interference fringe
signal I[n]’ based on the interpolated amplitude signal graph A[n]' and the interpolated phase signal graph 6[n], the
intensity value of the interpolated white light interference fringe signal I[n]’ based on the measured values (A[n], 6[n]) and/or
the interpolation values (A[n+0.5], 8[n+0.5]) of the (A[n], 6[n]) of the interpolated white light interference fringe signal I[n]’.
[0087] Forexample, asanembodiment, whenthe measured value A[n] of the interpolated amplitude signal graph A[n]' is
maximum and the phase of the interpolated phase signal graph 6[n] is 0°, if the measured value 6[n] and/or the
interpolation value (6[n+0.5]) of the interpolated phase signal graph is greater than -90° and less than 90°, the intensity
value of the interpolated white light interference fringe signal I[n]’ corresponding to the measured value 6[n] and/or the
interpolation value (6[n+0.5]) of that phase signal graph has positive (+) value corresponding to the measured values A[n]
and/or the interpolation values (A[n+0.5]) of the interpolated amplitude signal graph A[n]. When the measured value 0[n]
and/or the interpolation value (6[n+0.5]) of the interpolated phase signal graph are more than 90° to 270°, the intensity
value of the interpolated white light interference fringe signal I[n]’ has a negative (-) value corresponding to the measured
value A[n] and/or the interpolation value (A[n+0.5]) of the interpolated amplitude signal graph A[n]. When the measured
value 6[n] or the interpolation value (6[n+0.5]) of the interpolated phase graph is -90°, 90° or 270°, the intensity value of the
interpolated white light interference fringe signal I[n]' has a value of 0.

[0088] More specifically, the image analysis processor 70 may, when the measured value A[n] of the interpolated
amplitude signal graph A[n]’ is the maximum and the phase of the interpolated phase signal graph 0[n] is 0°, if the
measured values 6[n] and/or interpolation value 68[n+0.5] of the interpolated phase signal graphis 0°, the intensity values of
the interpolated white light interference fringe signal I[n]’ have positive (+) value corresponding to measured values A[n]
and/or interpolation values A[n+0.5] of the interpolated amplitude signal graph A[n]’, if the measured value 6[n] and/or the
interpolation value (6[n+0.5]) of the interpolated phase signal graph is 90° the intensity value of the interpolated white light
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interference fringe signal I[n] have a value of 0, and if the measured value 6[n] and/or the interpolation value (6[n+0.5]) of
the interpolated phase signal graph is 180°, the intensity value of the interpolated white light interference fringe signal I[n]’
has negative (-) value corresponding to the measured value A[n] and/or the interpolation value (A[n+0.5]) of the
interpolated amplitude signal graph A[n], if the measured value 6[n] and/or the interpolation value (6[n+0.5]) of the
interpolated phase signal graph is 45°, the intensity value of the interpolated white light interference fringe signal I[n] has a
positive (+) value corresponding to the measured value A[n] and/or the interpolation value (A[n+0.5]) of the interpolated
amplitude signal graph A[n]’, and if the measured value 6[n] and/or the interpolation value (6[n+0.5]) of the interpolated
phase signal graphis 135°, the intensity value of the interpolated white lightinterference fringe signal I[n] has a negative (-)
value corresponding to the measured value A[n] and/or the interpolation value (A[n+0.5]) of the interpolated amplitude
signal graph A[n]’.

[0089] As described above, the image analysis processor 70 generates the interpolated white light interference fringe
signal I[n]’ based on the interpolated amplitude signal graph A[n] and the interpolated phase signal graph 6[n]’.
[0090] As an embodiment, when generating the interpolated white light interference fringe signal I[n]’ based on the
interpolated amplitude graph A[n]’ and the interpolated phase graph 6[n]’, the image analysis processor 70 generates the
interpolated white light interference fringe signal I[n]’ based on the measured values (A[n], 6[n]) of each the amplitude
signal graph A[n] and the phase signal graph 6[n] and the interpolation values (A[n+0.5], 8[n+0.5]) of each the interpolated
amplitude signal graph A[n]’ and the interpolated phase signal graph 6[n] based on the Equation 3 below.

I[n] = A[n] x cos(0[n])
<Equation 3>

[0091] Here, A[n]is the amplitude of the pixel of the WLI fringe, and 6[n] means the phase on pixel of the pixel of the WLI
fringe. Equation 3 is an equation for converting I[n + 0.5] from calculated A[n + 0.5] and 6[n + 0.5].

[0092] FIG.5isadiagram forbriefly explaining a sinusoidal interpolation of the image analysis processor 70 according to
the present invention.

[0093] Referring to FIG. 5, the interpolation of the white light interference fringe signal I[n] using the sinusoidal
interpolation in the image analysis processor 70 is characterized by calculating Cos and Sine values only at the mid-
point (N-1) and calculating by the sinusoidal method without using a complex Trigonometric function. Interpolation of the
white light interference fringe signal I[n] using the sinusoidal interpolation in the image analysis processor 70 first
generates the Amp values at the mid-point by averaging the Amp values on both sides (1st order), and then generates the
remaining Amp values by moving average a total of 2N-1 Interpolated Pixels in 3 Pixel Steps.

[0094] FIGS. 6 to 8 are flowcharts of a sinusoidal interpolation of the white light interferometry 100 according to the
present invention.

[0095] Inthe sinusoidal interpolation method of the white light interferometry 100 according to the presentinvention, the
image analysis processor 70 interpolates a white light interference fringe signal I[n] using a sinusoidal interpolation to
generate an interpolated white light interference fringe signal I[n]’.

[0096] Referring to FIGS. 6 to 8, the method for sinusoidal interpolation of a white light interferometry 100 according to
the present invention, comprises the step of the image analysis processor 70 generates an amplitude signal graph
(Envelope, A[n]) and a phase signal graph (Phase, 6[n]) based on a white light interference fringe signal I[n] S100, the step
of the image analysis processor 70 generates an interpolated amplitude signal graph A[n]' and an interpolated phase
signal graph 6[n]’ by interpolating, respectively, the amplitude signal graph A[n] and the phase signal graph 6[n] using the
sinusoidal interpolation, S200, and the step of the image analysis processor 70 generates the interpolated white light
interference fringe signal I[n]’ based on the interpolated amplitude graph A[n]’ and the interpolated phase graph O[n],
S300.

[0097] S100 comprises a step S110 that the image analysis processor 70 extracts components according to amplitude
and phase from the white light interference fringe signal I[n], respectively, to generate a linear amplitude signal graph A[n]
and a phase signal graph 6[n].

[0098] S110comprisesastep S111thatthe image analysis processor 70 extracts a componentaccording toamplitude A
[n] from a white light interference fringe signal I[n] to generate an amplitude signal graph (Envelope), and extracts
component according to phase 6[n] from the white light interference fringe signal I[n] to generate a phase signal graph
(Phase), based on Equation 1 below.
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A[n] (Envelope) = (c[n]? + s[n]?)"?
6[n](Phase) = Atan(s[n], c[n]).
<Equation 1>

[0099] InEquation 1, A[n]is the amplitude on Pixel of WLI Fringe, 6[n] is the phase on Pixel of WLI Fringe, and c[n] is the
cosine component of WLI Fringe, c[n]is calculated as c[n] = A[n] X cos(0[n]), and s[n] is the sine component of WLI Fringe,
s[n] is calculated as S[n] = A[n] X sin(6[n]).

[0100] S200 comprises a step that the image analysis processor 70 calculates the interpolation values (A[n+0.5], 6
[n+0.5]) between first measurement values (A[n], 6[n]) and second measurement values (A[n+1], 6[n+1]) of each the
amplitude signal graph A[n] and the phase signal graph 6[n], S210, the interpolation values (A[n+0.5], 6[n+0.5]) are
calculated as average values of the first measurement values (A[n], 6[n]) and second measurement values (A[n+1], 6
[n+1]).

[0101] S210comprisesastep S211 thatthe image analysis processor 70 calculates the interpolation values (A[n+0.5], 6
[n+0.5]) between first measurement values (A[n], 6[n]) and second measurement values (A[n+1], 6[n+1]) of each the
amplitude signal graph A[n] and the phase signal graph 6[n], based on Equation 2 below.

Aln+0.5]=05*An] + Aln+ 1],
O[n +0.5] =0.5%(0[n] +6[ n + 1]).
<Equation 2>

[0102] In Equation 2, A[n] is the amplitude on pixel of WLI Fringe, and 0[n] is the phase on pixel of the WLI Fringe.
[0103] S300 comprises a step S310 that the image analysis processor 70 generates the interpolated white light
interference fringe signal I[n]’ based on the measured values (A[n], 6[n]) of each of the amplitude signal graph A[n] and the
phase signal graph 6[n], and the interpolation values (A[n+0.5], 6[n+0.5]) of each the interpolated amplitude signal graph A
[n] and the interpolated phase signal graphs 6[n]’, based on Equation 3 below.

[0104] S310 comprises a step S311 that the image analysis processor 70 generates the interpolated white light
interference pattern signal I[n] based on the measurement values (A[n], 6[n]) of each of an amplitude signal graph A[n]and
aphase signal graph 6[n], and the interpolation values (A[n+0.5], 6[n+0.5]) of each the interpolated amplitude signal graph
A[n] and the interpolated phase signal graph 6[n]’, based on Equation 3 below.

I[n] = A[n] x cos(0[n])
<Equation 3>

[0105] In Equation 3, A[n] is the amplitude of the pixel of WLI Fringe, and 0[n] is the phase on pixel of WLI Fringe.
[0106] The terms described in this specification are defined as in Table 1 below.
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<Table 1>

[0107] Specifically, I[n] refers to a raw white light interference pattern signal measured by the white light interferometry
100 according to the present invention, and each value (x-axis on the graph) refers to the intensity of the interference
pattern, which may be expressed as I[n] = A[n]Jcos(0[n]) + IDC-Offset. A[n] refers to the amplitude on pixel of WLI Fringe and
may be expressed as A[n]=(c[n]? + s[n]?)!/2. B[n] refers to a phase on pixel of WLI Fringe, and may be expressed as 6[n] =
Atan(s[n], c[n]). c[n] is a cosine component of a white light interference fringe signal and may be expressed as c[n] = A[n] X
cos(6[n]). s[n] is a sine component of the white light interference fringe signal and may be expressed as s[n] = A[n] X sin(6
[n]).

[0108] In the present specification, the image analysis processor 70 may include processors that execute sequential
execution processes stored in the memory. Alternatively, the image analysis processor 70 may operate as software
modules driven and controlled by the processor. Furthermore, the image analysis processor 70 may be a hardware device.
[0109] Forreference, the sinusoidal interpolation of the white light interferometry 100 according to an embodiment of the
present invention may be implemented in the form of program instructions that may be performed through various
computer means and recorded on a computer-readable medium. The computer-readable medium may include program
instructions, data files, data structures, and the like, alone or in combination. The program instructions recorded in the
computer-readable medium may be specially designed and configured for the present invention or may be known and
available to a skilled person in computer software. Examples of computer-readable media may include magnetic media
such as hard disks, floppy disks, and magnetic tapes, optical recording media such as CD-ROMs and DVDs, magneto-
optical media such as floptical disks, and hardware devices specifically configured to store and execute program
instructions such as ROM, RAM, and flash memory. Examples of program instructions include not only machine code
generated by a compiler, but also high-level language code that can be executed by a computer using an interpreter or the
like. The hardware device described above may be configured to operate as one or more software modules to perform the
operations of the present invention, and vice versa.

[0110] The scope of protection of the present invention is not limited to the description and expression of the
embodiments explicitly described above. Furthermore, it should be noted that the scope of protection of the present
invention may not be limited by obvious modifications or substitutions within the technical field to which the present
invention pertains.

Claims
1. A white light interferometry using a sinusoidal interpolation comprising;

a light source providing white light;
a stage on which a sample is placed;
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a stage moving assembly for moving the stage in the direction of the path axis of the white light;

a mirror having a reflective surface;

a beam splitter for dividing a path of the white light provided from the light source into the sample side and the
mirror side;

a CCD (Charge Coupled Device) image sensor generating a plurality of interference fringe images by receiving
measurement light reflected from the sample and reflected light reflected from the mirror from the beam splitter
while the stage is moved in the path axis direction by the stage moving assembly and capturing interference
fringes generated by the measurement light and the reflected light; and

an image analysis processor for accumulating the plurality of interference fringe images to generate a white light
interference fringe signal (WLI Fringe signal, I[n]),

wherein the image analysis processor generates an interpolated white light interference fringe signal I[n]’ by
interpolating the generated white light interference fringe signal I[n] through sinusoidal interpolation..

2. The white light interferometry using a sinusoidal interpolation according to claim 1 characterized in that,

the image analysis processor, when interpolating the white light interference fringe signal I[n] using a sinusoidal
interpolation,

generates an amplitude graph (Envelope, A[n]) and a phase graph (Phase, 6[n]) by dividing the white light
interference fringe signal I[n] into components according to amplitude and phase, respectively,

generates an interpolated amplitude graph A[n]' and an interpolated phase graph 6[n] by interpolating the
amplitude graph A[n] and the phase graph 6[n], respectively, through the sinusoidal interpolation, and
generates the interpolated white light interference fringe signal I[n]’ based on the interpolated amplitude graph A
[n]’ and the interpolated phase graph 6[n]'.

3. The white light interferometry using a sinusoidal interpolation according to claim 2 characterized in that,

the image analysis processor, when generating the amplitude graph and the phase graph by dividing the white
light interference fringe signal into components according to amplitude and phase, respectively,

generates the amplitude graph (Envelope) by extracting components A[n] according to amplitude from the white
light interference fringe signal I[n], and the phase graph (Phase) by extracting components 8[n] according to
phase from the white light interference fringe signal I[n] based on the following Equation 1.

A[n] (Envelope) = (c[n]* + s[n]z)l/ 2

O[n](Phase) = Atan(s[n], c[n])

<Equation 1>
(wherein the A[n] is the Amplitude on Pixel of WLI Fringe of the white light interference fringe signal, and the 6[n] is
the Phase on Pixel of WLI Fringe of the white lightinterference fringe signal, and the c[n] is the Cosine Component

of WLI Fringe of the white light interference fringe signal calculated by c[n] = A[n] X cos(6[n]), and the s[n] is the
Sine Component of WLI Fringe of the white light interference fringe signal calculated by s[n] = A[n] X sin(6[n]).

4. The white light interferometry using a sinusoidal interpolation according to claim 3 characterized in that,

the image analysis processor, when generating the interpolated amplitude graph A[n]’ and the interpolated phase
graph 6[n]’ by interpolating the amplitude graph A[n] and the phase graph 6[n] respectively through the sinusoidal
interpolation,

calculates the interpolation values (A[n+0.5], 6[n+0.5]) between the first measurement values (A[n], 6[n]) and the
second measurement values (A[n+1], 6[n+1]) of the amplitude graph A[n] and the phase graph 6[n] respectively,
based on the following Equation 2.
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Aln+0.5] =0.5*(A[n] + A[n + 1])
O[n+0.5] =0.5*(0[n] + O6[n + 1])
<Equation 2>

(wherein the A[n] is the Amplitude on Pixel of WLI Fringe of the white lightinterference fringe signal, and 6[n] is the
Phase on Pixel of WLI Fringe of a white light interference fringe signal).

5. The white light interferometry using a sinusoidal interpolation according to claim 4 characterized in that,

the image analysis processor,

when generating the interpolated white light interference fringe signal I[n] based on the interpolated amplitude
graph A[n] and the interpolated phase graph 6[n]’, calculates the interpolated white lightinterference fringe signal
I[n] based on the each measurement values (A[n], 8[n]) of the amplitude graph A[n] and the phase graph 6[n] and
eachinterpolation values (A[n+0.5], 6[n+0.5]) of the interpolated amplitude graph A[n] and the interpolated phase
graph 6[n] based on the following Equation 3.

I[n] = A[n] % cos(0[n])
<Equation 3>

(wherein the A[n] is the Amplitude on Pixel of WLI Fringe of a white light interference fringe signal, and the 8[n] is
the Phase on Pixel of WLI Fringe of a white light interference fringe signal).

6. Awhite light interferometry using a sinusoidal interpolation in which white light is irradiated to a sample and a mirror,
respectively, and then obtained a shape of the sample by analyzing interference fringes generated by reflected
measurement light and the reflected light, wherein the white light interferometry comprising:

a CCD (Charge Coupled Device) image sensor for generating a plurality of interference fringe images by
capturing the interference fringe; and

an image analysis processor for generating a white light interference fringe signal (WLI Fringe signal, I[n]) by
accumulating the plurality of interference fringe images,

wherein the image analysis processor generates an interpolated white light interference fringe signal I[n]’ by
interpolating the generated white light interference fringe signal I[n] through the Sinusoidal Interpolation.

7. The white light interferometry according to claim 6 characterized in that,

the image analysis processor, when interpolating the white light interference fringe signal I[n] using a sinusoidal
interpolation,

generates an amplitude graph (Envelope, A[n]) and a phase graph (Phase, 6[n]) based on the white light
interference fringe signal I[n],

generates an interpolated amplitude graph A[n]’ and an interpolated phase graph 6[n]" by interpolating the
amplitude graph A[n] and the phase graph 6[n] respectively using the sinusoidal interpolation, and

generates the interpolated white light interference fringe I[n]' based on the interpolated amplitude graph A[n] and
the interpolated phase graph I[n]'.

8. The white light interferometry according to claim 7 characterized in that,

the image analysis processor, when generating the amplitude graph A[n] and the phase graph 6[n] based on the
white light interference fringe signal I[n],

extracts components of amplitude and phase from the white light interference fringe signal I[n], respectively, to
generate an amplitude graph A[n] and a phase graph 6[n] in linear.

9. The white light interferometry according to claim 8 characterized in that, the linear amplitude graph A[n] is an

envelope contacting all the peak points of the white light interference fringe signal I[n] among the envelopes of the
white light interference fringe signal I[n].
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The white light interferometry according to claim 8 characterized in that,

the image analysis processor, when interpolating the amplitude graph A[n] and the phase graph 6[n] respectively
using the sinusoidal interpolation,

calculates interpolation values (A[n+0.5], 6[n+0.5]) between the first measurement values (A[n], 6[n]) and the
second measurement values (A[n+1], 6[n+1]) of the amplitude graph A[n] and the phase graph 6[n],

wherein the interpolation values (A[n+0.5], 6[n+0.5]) is average value of the first measurement values (A[n], 6[n])
and the second measurement values (A[n+1], 6[n+1]).

The white light interferometry according to claim 10 characterized in that,

the image analysis processor, when generating the interpolated white light interference fringe signal I[n]’ based on the
interpolated amplitude graph A[n]’ and the interpolated phase graph 6[n]’, generate the interpolated white light
interference fringe signal I[n]’ based on the measured value (A[n], 6[n]) of each the amplitude graph A[n] and the phase
graph 6[n], and the each interpolation values (A[n+0.5], 6[n+0.5]) of the interpolated amplitude graph A[n] and the
interpolated phase graph 0[n]’.

The white light interferometry according to claim 11 characterized in that, the measured value (A[n], 6[n]) of each the
amplitude graph A[n] and the phase graph 6[n], and the measured values (A[n], 6[n]’) of each the interpolated
amplitude graph A[n]’ and the interpolated phase graph 6[n]’ have the same value each other.

The white light interferometry according to claim 12 characterized in that,

the image analysis processor, when generating the interpolated white lightinterference fringe signal I[n] based on
the interpolated amplitude graph A[n]’ and the interpolated phase graph 6[n]’, determine the intensity value of the
interpolated white light interference fringe signal I[n] based on each the measured values (A[n], 6[n]) of
interpolated amplitude graph A[n]’ and the interpolated phase graph 6[n] or the interpolation values (A
[n+0.5], O[n+0.5]),

when the measured value A[n] of the interpolated amplitude graph A[n] is maximum and the phase of the
interpolated phase graph 6[n]’ is 0°,

if the measured value 6[n] or the interpolation value (6[n+0.5]) of the interpolated phase graph is greater than -90°
toless than 90°, the intensity values of the interpolated white light interference fringe signal I[n]’ have a positive (+)
value corresponding to the measured value A[n] or the interpolation value (A[n+0.5]) of the interpolated amplitude
graph A[nJ’,

if the measured value 6[n] or the interpolation value (6[n+0.5]) of the interpolated phase graph is greater than 90°
toless than 270°, the intensity values of the interpolated white light interference fringe signal I[n]’ have a negative
(-) value corresponding to the measured value A[n] or the interpolation value (A[n+0.5]) of the interpolated
amplitude graph A[n]’, and

if the measured value 6[n] or the interpolation value (6[n+0.5]) of the interpolated phase graph is at -90°, 90° or
270°, the intensity values of the interpolated white light interference fringe signal I[n]’ has a value of 0.

A method of sinusoidal interpolation of a white light interferometry in which an image analysis processor interpolates a
white light interference fringe signal I[n] through a sinusoidal interpolation to generate an interpolated white light
interference fringe signal I[n]’, the method of sinusoidal interpolation comprising:

generating an amplitude graph (Envelope, A[n]) and a phase graph (Phase, 0[n]) based on the white light
interference fringe signal I[n] by image analysis processor,

generating an interpolated amplitude graph A[n]' and an interpolated phase graph 6[n]’ by interpolating the
amplitude graph A[n] and the phase graph 6[n] respectively through the sinusoidal interpolation by the image
analysis processor, and

generating the interpolated white light interference fringe signal I[n]’ based on the interpolated amplitude graph A
[n] and the interpolated phase graph 6[n] by the image analysis processor.

The method of sinusoidal interpolation of a white light interferometry according to claim 14, the generating an
amplitude graph (Envelope, A[n]) and a phase graph (Phase, 6[n]) based on the white light interference fringe signal |
[n] by the image analysis processor comprising:

generating a linear phase graph 6[n] and the amplitude graph A[n], by extracting a component depending on the
Amplitude and Phase of the white light interference fringe signal I[n], respectively, by the image analysis processor
generating.
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The method of sinusoidal interpolation of a white light interferometry according to claim 15, the generating a linear
phase graph 6[n] and the amplitude graph A[n], by extracting a component depending on the Amplitude and Phase of
the white light interference fringe signal I[n], respectively, by the image analysis processor comprising:

generating the amplitude graph (Envelope) by extracting component A[n] depending on the amplitude of the white
light interference fringe signal I[n] and generating phase graph (Phase) by extracting component 6[n] depending on
the phase of the white light interference fringe signal I[n] the white light interference fringe signal I[n], based on the
Equation 1 below by the image analysis processor.

A[n] (Envelope) = (c[n]? + s[n]?)"/?
0[n](Phase) = Atan(s[n], c[n]).

<Equation 1>

(wherein A[n] is the Amplitude on Pixel of WLI Fringe, and 6[n] is the Phase on Pixel of WLI Fringe, and c[n] is the
Cosine Component of the WLI Fringe calculated by c[n] = A[n] X cos(0[n], and the s[n] is the Sine Component of WLI
Fringe calculated by s[n] = A[n] X sin(6[n]).

The method of sinusoidal interpolation of a white light interferometry according to claim 14, the generating an
interpolated amplitude graph A[n] and an interpolated phase graph 6[n]’ by interpolating the amplitude graph A[n] and
the phase graph 6[n] respectively through the sinusoidal interpolation by the image analysis processor comprising:

calculating interpolation values (A[n+0.5], 6[n+0.5]) between first measured values (A[n], 6[n]) and second
measured values (A[n+1], 6[n+1]) of each of the amplitude graph A[n] and the phase graph 6[n] by the image
analysis processor,

wherein the interpolation values (A[n+0.5], 6[n+0.5]) are characterized by being average values of the first
measurement values (A[n], 6[n]) and the second measurement values (A[n+1], 8[n+1]).

The method of sinusoidal interpolation of a white light interferometry according to claim 17, the calculating inter-
polation values (A[n+0.5], 6[n+0.5]) between first measured values (A[n], 6[n]) and second measured values (A[n+1],
6[n]) of each of the amplitude graph A[n] and the phase graph 6[n] by the image analysis processor comprising:
calculating interpolation values (A[n+0.5], 8[n+0.5]) between first measured values (A[n], 6[n]) and second measured
values (A[n+1], 6[n+1]) of each of the amplitude graph A[n] and the phase graph 6[n] based in Equation 2 below by the
image analysis processor.

Aln +0.5] = 0.5%(A[n] +A[n + 1])
0[n+0.5] = 0.5%(0[n] + O[n+1]).

<Equation 2>

(wherein A[n] is the Amplitude on Pixel of WLI Fringe, and 6[n] is the Phase on Pixel of WLI Fringe.)

The method of sinusoidal interpolation of a white light interferometry according to claim 14, the generating an
interpolated white light interference fringe signal I[n]’ based on the interpolated amplitude graph A[n]’ and the
interpolated phase graph 6[n]’ by the image analysis processor comprising:

generating the interpolated white light interference fringe signal I[n] based on the measured values (A[n], 0[n]) of each
of the amplitude graph A[n] and the phase graph 6[n], and the interpolation values (A[n+0.5], 6[n+0.5]) of each of the
interpolated amplitude graph A[n]’ and the interpolated phase graph 0[n]’ by the image analysis processor.

The method of sinusoidal interpolation of a white light interferometry according to claim 19, the generating the
interpolated white light interference fringe signal I[n] based on the measured values (A[n], 6[n]) of each of the
amplitude graph A[n] and the phase graph 0[n], and the interpolation values (A[n+0.5], 6[n+0.5]) of each of the
interpolated amplitude graph A[n]’ and the interpolated phase graph 6[n]’ by the image analysis processor comprising:
generating the interpolated white light interference pattern signal I[n] based on the measured values (A[n], 6[n]) of
each ofthe amplitude graph A[n]and the phase graph 6[n], and the interpolation values (A[n+0.5], 8[n+0.5]) of each the
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interpolated amplitude graph A[n]’ and the interpolated phase graphs 6[n]’ based on Equation 3 below by the image
analysis processor.

I[n] = A[n] % cos(0[n])

<Equation 3>

(wherein A[n] is the Amplitude on Pixel of WLI Fringe, and 6[n] is the Phase on Pixel of WLI Fringe.)

18
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